In response to a growing societal mandate, land disposal of hazardous wastes is gradually being replaced by treatment technologies. This shift to "alternative technologies" is the result of the impacts of past land disposd practices on other environmental media (groundwater, surface water, and air). A prime motivation for pdopting alternatives to land disposal is to eliminate these cross-media impacts. Alternative techuologies, however, can themselves have cross-media environmental impacts which must be recognized and addressed before such technologies are extensively applied. This paper discusses hazardous waste constituents, common disposal practices, alternative technologies currently being applied, possible crossmedia environmental impacts of the alternative technologies, and proposed methods of mitigating these environmental impacts. Case studies from uncontrolled hazardous waste sites and industrial operations are used to illustrate the application of alternative technologies. Case studies include the application of waste treatment technologies as well as the adoption of waste minimization techniques.
Traditionally, land disposal has been the standard means of managing hazardous waste. Improper disposal methods have resulted in contamination of ' soils, surface water, groundwater, and air resources. Recently, numerous land disposal facilities have become candidates for cleanup under Superfund. The original Superfund legislation stipulated that remedies had to use "proven" technologies that were "cost effective." These restrictions have resulted in solutions involving either containment in place or excavation and transport to another land disposal facility. Since these actions have been found to be only impermanent solutions, alternatives to land disposal were mandated by Congress in recent amendments to the Resource Conservation and Recovery Act (RCRA) and the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), or Superfund. The Superfund Amendment and Reauthorization Act (SARA) of 1986 strongly encourages the use of alternative technologies to permanently reduce the toxicity, mobility, or volume of hazardous wastes. Why did we come to rely on land disposal? At least a significant portion of waste going to landfills is the result of efforts to reduce waste discharges to air and surface water. Air pollution scrubbers and dust removal devices produce voluminous quantities of solid wastes requiring disposal. Wastewater treatment facilities likewise produce sludges requiring disposal.
Although land disposal in general has contributed to improvements in water and air quality, land disposal facilities have created localized water and air quality degradation. Leaking landfills have contaminated local groundwaters, and air emissiom from landfills can be a significant problem.
To counteract these deficiencies, the U S . Environmental Protection Agency (EPA) and industry have responded by seeking alternatives to land disposal. An outright ban on land disposal is not feasible, for physical as well as economic reasons, since treatment does not result in destruction -,?tter but rather the conversion of a waste material.@ a less toxic or less objectionable for-m. Some residues in the form of solids, treated water discharges, or air emissions will always remain. The search for alternatives to land disposal has evolved into a quest for treatment methods to reduce the "toxicity, mobility, or volume" of residues to the greatest extent feasible prior to their discharge to the land, air, or water. A good review of treatment technologies for hazardous waste was prepared by EPA's Hazardous Waste Engineering Laboratory. ' Since land disposal restrictions will have the effect of shifting wastes from the land, adoption of alternative treatment technologies could result in additional discharges to air and water. These impacts need to be considered when evaluating alternative technologies. This paper cites case studies that illustrate concerns about emissions and the controls used to mitigate the impacts of these emissions in the cleanup of uncontrolled hazardous waste sites.
The only way to actually eliminate land disposal is to eliminate the generation of waste in the first place. Example case studies of waste minimization methods are included along with a discussion of their impacts on air emissions. BACKWASH Groundwater Treatment. A schematic of the groundwater recovery, treatment, and disposal s y s t e m i s shown in Figure 1 . To reduce waste migration and to minimize the volume of groundwater-eguiring treatment, a slurry wall was constructed at the site. Well points were used to rec6er contaminated groundwater for treatment to remove VOCs, principalIy methylene chloride, and low levels of nonvolatile priority pollutant organic compounds. A complicating factor was the presence of 10 to 40 m g L of iron in the groundwater. This could precipitate and clog treatment units.
Groundwater treatment consisted of 
Trans-1,2-dichloroethene
Base neutrals:
Pesticides:
air stripping designed to remove 98 percent of the VOCs, pressure filters to remove iron (oxidized in the air strippw) and suspended solids, and activatnd carbon adsorption to remove additional organics. Treated groundwater is disposed of in an onsite spray irrigation system. This recharges the perched water table and accelerates the movement of contaminants to the recovery well system. The treatment plant was placed in operation in January 1985, and it satisfactorily treated 100,000 to 200,000 gallons per day of contaminated groundwater. Analysis of the treated water has shown that priority pollutants in groundwater were removed to below detection limits (Table I) . Likewise, the contaminated groundwater in the recovery wells showed a steady improvement in quality.
the vaporized organics. Liquid wastes are fed by injector nozzles to either the rotary kiln or the secondary combuster. The waste heat boiler provides steam, which is used in the incinerator system and reduces the gas temperature. The ejector-scrubber system removes submicron particulates from the stack gases.
Numerous mechanical problems were encountered after the initial start-up of the incinerator. These included loss of refractory bricks at the front end of the rotary kiln and carryover of fine solids to the secondary combuster. These problems were solved by (1) replacing the first 10 feet of bricks with a solid refractory casting, (2) installing two cyclone separators between the kiln and the secondary combuster, and (3) eration. The contents of the waste disposal ponds were removed from the lagoon and incinerated in a modular rotary kiln incinerator. The incinerator consists of a rotary kiln, a secondary combuster, a waste heat boiler, and a steam ejector-scrubber. The rotary kiln is a refractory-lined, carbon steel cylinder mounted horizontally on a trailer and rotated by a trunnion drive mechanism. Solids are fed to the kiln by a ram feeder. The kiln is operated at 1500'F to assure volatilization and partial destruction of organic Contaminants. The secondary combuster provides a combustion gas residence time of 2 seconds at a temperature? exceeding 2200OF. This is sufficient to ensurecomplete destruction of buster from which accumulating solids can be removed.
Comparison with Land Disposal. Cleanup of the Sydney Mine site was the first site restoration project of its kind completed in this country. In cleaning the site, rather than resorting to containment in place or transport to an offsite land disposal facility, the problem was resolved permanently. The case is particularly noteworthy in that this was the first successful application of an onsite, mobile rotary kiln incinerator for thermal treatment of liquids, sludges, and contaminated sands. This treatment process, however, did not result in complete elimination of the need for land disposal. Incineration reduced the toxicity and vol--ume of the surface wastes, and the organics and metals content of the residual ash was found to be low enough to pass the EPA toxicity test, so the ash could be disposed of in a nearby county landfill.
Cleanup also resulted in some crossmedia impacts. Air emissions from the incinerator were controlled, but excavation of the waste resulted in a shortterm increase in air emissions of VOCs over what would have been experienced with containment in place. Groundwater treatment effectively removed contaminants from the water. It transferred VOCs to the air through air stripping and nonvolatile organics to a solid waste through the activated carbon adsorption system. Activated carbon also effected a reduction in the volume and mobility of nonvolatile organics. If the carbon were thermally regenerated, toxicity would also be reduced by the thermal destruction of organic compounds. However, there is an apparent need to consider and mitigate cross-media impacts from alternative treatment processes.
Verona Well Field
Description. Tk-Verona Well Field supplies potable water to most of the city of Battle Creek, Michigan. In.U81, the well field was found to be contaminated with VOCs, principally chlorinated solvents, with a contaminant plume encompassing an area of approximately one mile long by one halfmile wide.
Two facilities operated by a local solvent wholesaling company were identified as major sources of contamination. VOC concentrations as high as 1,000 mgfL were found in both groundwater and soil on these properties. It was estimated that contaminated soils and groundwater on these properties contained approximately 1,700 and 3,900 lb of VOCs, respectively.
Remedial methods chosen for the site included groundwater treatment and soil vapor extra~tion.~-~ Groundwater Treatment. Since groundwater contamination was exclusively caused by VOCs, only air stripping was used, without the need for liquid phase carbon adsorption. Because of concerns about the emission of VOCs into the air, vapor phase carbon adsorption was applied to the air discharge from the air strippers.
Use of groundwater extraction and treatment by itself would prevent the continued migration of the contaminant plume. However, cleanup would entail a long period of time for treat-
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While the two previous examples illustrate how alternative technologies are being applied at uncontrolled hazardous waste sites, these technologies have cross-media environmental impacts which must be addressed: air emissions, incineration residuals, discharge of treated waters, and processing of extracted contamination (activated carbon). The movement away from land-based containment systems will not eliminate land disposal. But by reducing the toxicity, mobility, or volume of hazardous waste contamination, more effective control of hazardous waste can be realized. ment because of slow leaching of contaminants ,from soils. The elimination of contaminated soils was required to expedite the cleanup effort.
Several alternatives involving the iwe of "demonstrated technologies" were considered for treating the contaminated soils to augment the pumping and treatment of contaminated groundwater. Construction of a clay cap was considered but rejected since it would only reduce infiltration, not provide a permanent cleanup. Likewise, excavation and proper disposal of the estimated 9,300 cubic yards of contaminated soils was eliminated as an alternative because of the lack of sufficient space for onsite disposal and concern that this, too, was not a permanent solution.
Another innovative remedial method considered was soil washing, in which clean water would be precolated through the contaminated soil, leaching contaminants and carrying them to the groundwater for treatment in the groundwater extraction and treatment system. This alternative was rejected because it was projected that 8 years of soil washing would be required to reduce contamination to accebtable levels.
EFA selected enhanced volatilization of VOCs using soil vapor extraction to augment groundwater treatment.
Soil
Vapor Extraction. In this innovative application, extraction wells are installed through the contaminated unsaturated zone and slightly into the 6334 saturated zone. Screens are placed in these wells. By the application of a vacuum to the wells, a flow of clean air is induced from the ground surface through the contaminated unsaturated soil. VOCs are removed from this contaminated soil by volatilization and are carried to the extraction wells.
A network of approximately eight extraction wells is to be installed at the Verona Well Field in the spring of 1987. A conceptual diagram of the proposed system is shown in Figure 2 . A vacuum pump will draw 100-150 cfm from each well. The combined flow of approximately 1,000-2,000 cfm of contaminated air will be treated to remove VOCs by vapor phase carbon adsorption prior to discharge to the atmosphere.
EPA expects 90 percent removal of the estimated 1,700 lb of VOCs from the unsaturated zone within the first year of operation, with VOC contamination of groundwater reduced to 100 ppb in 3 years. The first-year cost of the soil vapor extraction systeqis estimated to be $410,000.
.\
Comparison With Land Disposal.
Groundwater treatment and soil vapor extraction are expected to provide permanent cleanup of the site, as opposed to containment in place or excavation and disposal in a secure landfill. Since contaminated soils will not be excavated, uncontrolled air emissions of VOCs will be avoided. In contrast to the Sydney Mine site, air emissions of VOCs from the air stripper are controlled by the use of vapor and mobility of the contaminants. The carbon is expected
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Compressed Air - Figure 3 . Schematic of a self-contained PMB paint stripping unit.
Case Studies: Alternative Technologies at industrial Operations
The key to eliminating land disposal does not lie in treating previously uncontrolled hazardous waste but rather in gaining control of our industrial processes through waste minimization. The following two examples demonstrate how innovative approaches thatapply alternative technologies to traditional industrial operations can effect a reduction in ha@,9us waste generation.8~9 = . .
Plastic Media Blasting Palnt Stripping
Description of the Problem. Faint stripping is widely practiced in the preparation of equipment and components for reconditioning and recoating. In a typical paint stripping operation, opray5 or baths containing acidic methylene chloride, phenolic compounds, or hot alkaline solutions are employed to loosen and dissolve old paint. After the paint softens, the softened paint is scraped or brushed to enhance paint removal. The solvent-paint mixture is usually washed away with water, resulting in the production of large quantities of wastewater contaminated with organics and metals. Wastewater treatment to remove the methylene chloride and phenol usually includes air stripping and activated carbon adsorption. Sludges and residues from the treatment of paint stripping wastes are typically hazardous because of the presence of toxic metals and/or toxic organics.
JAPCA
Volatilization of stripping solvents p\>sults in worker occupational expowire to toxic solvents and a significant R. zi r emission of VOCs.
Application of Alternative Technology. Several alternative paint stripping processes have been studied at private and military industrial facilities. Among these are dry media blasting, laser stripping, flash lamp stripping, CO2 pellet blasting, and cryogenics.
The most promising of these techniques is plastic media blasting (PMB) paint removal, developed by technicians in the Ogden Air Logistics Center at Hill Air Force Base near Ogden, Utah.
Conventional sand and glass bead blasting techniques have been used to remove paint and rust from metal surfaces. However, the abrasive media can damage soft metal surfaces and can produce a silicate dust that can cause silicosis (a respiratory ailment). Softer vegetable media, such as walnut shells and rice hulls, have been successfully used in blasting. However, they degrade rapidly, producing voluminous quantities of dust and, in turn, resulting in explosion and health hazards and the generation of large quantities of hazardous waste.
In PMB paint stripping, small angular plastic particles are air blasted at the painted surface. This results in high local stresses that dislodge the paint. Since the particles are plastic, they deform and return to their original shape, rather than shatter on impact as sand, glass,'or Vegetable media do. As much as 95 percent of the plastic media can be recovered and reused.
Comparison to Conventional Methods. A full-scale PMB booth was constructed at Hill AFB to replace conventional wet paint stripping. It is anticipated that the conversion will result in the elimination of VOC emissions from paint stripping. In addition, production of approximately 320 lb of dry paint chips and decomposed plastic media per aircraft is expected to be offset by a reductioh'kwet sludge from the industrial waste treatment platt of an estimated 10,000 lb per aircraft.
The technique is still evolving and there are issues left to be resolved. These include dust generation, worker exposure to metal-contaminated dusts, and potential damage to delicate aircraft components. Further studies of the PMB process are being performed. The general consensus is that the problems with the process are solvable. Even as the studies are being performed, there are several equipment vendors supplying commercial PMB equipment to the military and civilian markets. An example of one such selfcontained unit is illustrated in Figure  3 .
Zero Discharge Chrome Plating
Description. Plating is the deposition of a thin layer of metal on the surface of a base metal for the purpose of changing its properties. The principal sources of hazardous wastes from chrome plating are plating solutions dragged out from plating baths on plated parts (drag-out), spills, fumes exhausted to the ventilation system, and dumping of contaminated plating baths.
Following plating, parts are rinsed with water to remove dragged out plating solutions. Chrome plating is tradi-
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tionally performed from a hexavalent chromium bath. Therefore, rinsewater from chrome plating presents a significant problem to industrial waste treatment facilities because hexavalent chromium is toxic and requires unique treatment processes.
Application of Alternative Technology. The Naval Civil Engineering Laboratory (NCEL), Port Hueneme, California, implemented several process changes on a chrome plating line at the Pensacola Naval Air Rework Facility in FloridalO (Figure 4) . These process changes included installing a recirculating spray rinse for removing dragout from plated parts. Clean rinsewater for the final rinse is applied from a hand sprayer over the recirculating spray rinse tank. This reduces the amount of waste generated. Following the installation of the spray rinse, rinsewater usage dropped from 350,000 gallons per month to 1,200 gallons per month.
In addition to the rinse modifications, the plating temperature was increased. This resulted in ah increase in evaporation from the plating tank. Because the evaporation rate from the plating bath exceeded the rate of rinsewater generation, rinsewater was returned to the plating bath. Thus, the chromium was recovered and the discharge of waste was eliminated. Because the recovery of drag-out could result in the buildup of contaminants in the plating bath, an electrolytic bath purification system was installed to continuously remove contaminating metal ions from the bath and to convert chromium from its trivalent form back to the hexavalent state used in plating. This eliminated the need to dispose of the plating bath.
C o m p a r i s o n w i t h C o n v e n t i o n a l Plating Methods. The modifications have resulted in a reduction in industrial wastewater treatment costs of about $25,000 per year. Plating bath 4bimps have been eliminated. This re-:xlts in a significant reduction in haza r d~~~ waste generation. Previously, thousands of gallons of plating bath wastes were generated each year. A side effect of this process modification has been an increase in air emissions. The increased bath temperature has resulted in increased aerosol formation above the plating tanks. Uncontrolled, this is an occupational health risk. In addition, this overloaded the air emission scrubbers. These problems have been reduced by changes to the ventilation system. 
Conclusions
The current search for alternatives to land disposal of hazardous wastes is driven by cross-media environmental impacts of previous improper land disposal practices. Alternative treatment techniques cannot result in the elimination of land disposal completely, since residues are normally produced by any treatment method. The real goal of alternative treatment is to reduce the toxicity, mobility, or volume of these inevitable residues.
Alternative treatment technologies can also have their own cross-media environmental impacts which need to be evaluated. These impacts need to be mitigated if the treatment technology is adopted. Inadequate attention to this fact may render the cure no better than the disease.
The only way to truly eliminate land disposal of hazardous wastes is not to produce the hazardous wastes in the first place. Waste minimizatihn can significantly reduce or eliminate hazardous wastes by changing the process that created a waste or recovering what would have been a waste. Cross-media impacts of any process change must be evaluated so that permanent solutions to managing hazardous wastes can be enacted.
